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Module No^- 



4 « 



Approx. Time ' 
13 hours 



Module Title: 



'Intermediate Activated STudge' 



• Topics: • , • . 

' 1. Review - Design and Operation Parameters 

2, Review - Aeration Devices 

3. Control' - Constant Mixed Liquor 
4- Control - Constant F/M Ratio 

5. Control - Constant Sludge Age 

6. Control - Return Sludge Flow Control 

7. Microorganisms 

8. ' Data Trend Charts 



Overall Objectives: ♦ 

Upon completion of ^is module^^th^ student will have r^viewetj "traditional" 
process calculations -and trend'ehart plotting, gained additipnal knowledge 
of*contro1 procedures, and should be able to calculate and plot process 
control parameters. . , / , ^ 



Instructional' Aids-: 

Handouts 
Transparancies 
Calculator" * 



Instructional Approach: 

Lecture 
Discuss ton 
Exenfise . , 



\ 



-References: ' ' - . £ 

,1 ' ' ■ . 

1. Water Poll utio'n Control* 'Federation MOP 11. • 

2. Reconinendfii,^te«d<(fds for Sewage Works. 

3. Operational Control Procedures for the Activated SI udge "Process. 

- ^- 

A. Part III A ■ • • . - . 

B. Part III B ' . ^ / 
, ' C. .App^fidix ' \ • ' A> ' ' 

b. Return Sludge Flow- Control * 

, • , •■ • 

^^4, Operator Pocket Guide -td Activated Sludge Parts I and II. - • 
.B.^sBasic Activated Sludge Module . . ' 



Class Assignments:' , 

. 1. Re'ad handouts ' 

... 2. Solve problems 
3^' Plpt ■ trend charts^ ^ 
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Module Ho*: 

• 


Topic: ^ , . ^ * ' 
Yntermediate Activated* Sludge/''^ ^ • 


^lastructor Notes: 


Instructor Outline: * * * 



Handouts should-be distributed as the/ appear 
in the module, ' - ; 

1. The module includes lecture, in class problem ' 
solutibns and trend chart plotting* 

3. 12,.x 20*division per inch graph paper should 
be ma<le available to the stiJdent for trend 
chart plotting, ^ * ^ . ^ 

4, A typical classroom setting is appropriate for a 
"delivery of this mockfle. Ah overhead projectoc 

and screen is requi.iped, 

5, <^ Basic Activated Slucjge is a suggested prerequisiti 

6. Recommended Standards for Sewage Works may be - 
obtained from: (Nominal charge). 

Health Education Service . v ' - . 
P. 0. Box 7283 . . ' > * ' 

Albany, N, Y, 12224 ^ / 

Acti vated 



Dr^hfi Acti 
ffrApp^i 



Return Sludge Flow Contrprma.v be obtained 
from: ^ ' . ' ' * - ' 

Ehvirbnmental Research Center 
U. S. Environmental Protection' Aoency 
26 W. St. Clair Street ' ' l~ 
Cincinnati, Ohio 4.5268 ' • 

Operator's Pocket Guides for the Activated Sludge 
Process,. Parts I & 11, may be Orderec^'fr.om: 



\ ^ (Nominal charge). 

Stevens,- Thomoson &^Runyan, Ir\C'/ 
5505 S. ,E. , Milwaukee Ave. 
Box 02201 . . 

'Portland, Oregon '97202 
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SUMMARY' 
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n 



Module Ho: 



ToincT • f ' 

• *^ 
Intermediate Activated Sludge 



instructor l^otes: 

4 r/ ^ 



r 



Instructor, Outline: * 



9. The evaluation includes the written examination, 
and each student must- plot data. trend charts 
•to the d(,atisf action of , the instructor. 

ip, ^vThe^nstructor should at thi close of the 
' workshop encourage operators to begi^i trerjd 
charting process control data. - The Advanced ' 
Activated Sludge Module is in part dependent 
on attendees bringing their trend charts to 
"the Advanced Workshop. 
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Module No: 



< 



Approx. Time: 
2 hours 



Itodu3e Title: ' . \ 

In'terpiediate Activated Sludge' 



Submadule.Jitle: < . * " : 
.Review from Basic Activated Sludge 



Tbpic: - • - r 

Design and Operation Parameters 



Objectives: • ^ * : ^ ^ ^- '"^^ • 

1. Given aeration^ tank "dimensfons, cVarifier dimensions, f>3ows and aopropriate 
plant data; calculate: (a) Aerati-on tank- detention ti'me, (b) Clar'ifier - 

^ suif^fa-de o^erflw rate, (c) F^oynds of BOD to aeration, <d) 'Pounds of solids 
under aeration, and (e) F/M, * ' , - ' . ^ 

2. Ltst-the three ^rrnion' process controls of t^e activated sludge facility. 



I ns t ruct i onaT^-AWs : 



1. . Student handout 



Instructional Approach; > ' 

!• * Lectuire . ; . - • ^ 

2. Discussion 

3. .In clats problem. solution 



References:" 



1. 

2. 
3. 



Basic Activated Sludge Module ' ' • 

Appendix, Operational- Control Procedures for the Activated Sludge Ptocess 

Reconmended ^tanda'rds for Sewage Works ( 10.- State Standards) * 



Class Assignn«nts: 



V. 



Module. Ho: 



Page 
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Design andUperation Parameters 



Instructor Notes: *• 



Student. Handoirt- I 
Review Problem 



Instructor 




I- The Intennediate tovated Sludge Workshop 
u!S"Vi*^ ^ revievKoroblem. Student ^ 
Hanrout I. contains thXdata required to 
^ s^Olve for: \ ^ ^ v 

. l\ Aeration tank detention time 
2 J (nar*i.fier surface overflow 

3) Pounds of .BOD to aeratiori 

4) Pounds of soWd| undbr aeration n 
0) fm ; . " . , 

Solution: • ' * ' 
Aeration tank volume = 25.x 75 x 1'2 

, . ' = 168,300 ^^n6ns 

Clarifier surface area = 3.14 x 35 x 35/4 

t . "= '962 sq. ft. ' 

CUrifier volume = 962 x 10 " ' .. 

^ ' = 9,720 cu. ft. 

= 71,958. gal loi)*^^ ^ 
Aerati6n tank detention tjme-at fl^w alon'e 
r • 168^300 X 24/510,000 < ' 

= 7.9 hours (design standard 6-8 hrs.) 
Aeration- tank detention .'time .at total f low 
= 168,300 X 24/(510,000 +.1?O^OO0) 
= 5.9 hours ' . 9 ' - 

;Pounds of BOD" =*^16b x 0.51 x.v8.-34\ 
=^ 681' lbs." BOD 
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^ , STUDENX HANDOUT, 1 - 

, GivenTYAeratio'n^tank 25' x-'7£' x 12' v 
. ■ CI ar.lfier 35' diameter ' " ' 

' . s V ■ t ■ . ■ 

10' mean depth - - ' • ' 

\ ' - • 

Raw sewage flcjw = 510,000 gal ./day 

• Return sludge flow^= 170, 000° garl./ day" 

, ' Primary effluent- BOD •=' 160 mg/1 

- Mixed Itquor volatile suspended solids (MLVSSJ = 2,200* mg/1 

.Find: * 1^ Aeration tank detention^ at flow-alone afid tgtal flow 

2. Pounds of BOD to aeratfon . . ^ * ^ . 

. 3. Pounds of volatile 'solids, under aeration • 

. ' 4. F/M - J. ' 

5-- CI arTfier surface ove>*^flow>ate • 



Module Ho: -I 
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Topic: 

Design and Operation Parameters , 



Instructor Rotes 



Instructor Outline: 



I 



10-State Standards 



10-State Standards 
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^ Pounds of MLVSS = 2,200 x 6.1683 x 8.34 ^ 
" • ^ =.3,088 lbs. MLVSS. ' 

• F/M = ^1/3,088- " 

* . . ' ' 

= 0.22 (accepted r^nge .2 - .5) 
Clarifi,6r surface overflow rate 
= 5101000/962 * J 
. ^ S30,gal./sq. ft. /(Jay (range 600,^^800) 

The de^ignfvalues fro'm 'U^-State Standards ""^ 

■ - are shown in parentheses. Note that all of 
these values except clarif-ier surface over- 
flow rate fall withirr the "accepte'd" ranges. 

■ It ^s to the "good" to have an overflow ?ate 
on the .order of 500 gaT/sq. ft. /day. 

Howevw:^ it is not the intent of this • ' 
workshop to address 'design .concepts,, rather 
It IS operational parameters and control.' 

A f^w'of the important dperat:"ional parameters 
we/e reviewed.in the first problem mrleP ' 

D^?r!c'''r;'''-?^ this listi.- address the comfton 
_^ process controls avail|ble to the operator^. 

n. . Process Controls • . ' 



Ai r , 

I MO cu. ft. /lb. BOD 
. 1 - Maintai 

'-of dissolved pxygen 

f^turn sludge- flow 



A)- Design 

&) Opera^n - Maintain m'i nimum'of '2 Qjg>l 



-( ■ - - . 

A) Design - 15 to 75 percent of raw flow 
I rate ■ - - ' i ' ^ 

■ B), Removal pf settled solids from secondary. 
• cljnfier at a rate to allow optimum 
settling^ to prevent undue accumulation 
of solids, and to satisfy the "needs" 
of the aeration tank 
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Topic; 

Design and Operation Parameters.- 



Instructor Out'/'itie 



,10-State Standards 



) * 



3. '-Waste sludge flow 



A 



r 



♦ 

Attendees of the workshop 
should"be encouraged to come 
to this , workshop with, tank ' 
dimensions of their facility 
^d lab data. -This section 
should in,c1ude using s-otrie of 



Desigfi-- Tnaximum capacity of not less thah 

■ pL?h[v^°J4''^'9'? ^V^^^9^ sewage.flow ■ 
■. Capability of/fuactioning at rate of 0.5 ' 

- \ nVm%S> ^:^^^ge- sewage flow or a minimur 
; of 10 GPM, whichever is. larger. 

. Operatjion primarily a function of the 
plant control methodology i.e. control to 
constant solids level or to a "sludge age"J 

4. -Mode of operation ' , 

Some operators' are blessed with an 
additional degree of operational 
^ f exi bi 1 i ty . The f ac'i 1 i ty (acti vated 

* • • c^!c^^^""'*^.^'* the , secondary treatment 
system) may h^ve the appropriate piping, 
valves and meters y^hich-allbw "mode of 
operation" to be controlled.. The 
conven-tionaT system with adjustments cah be 
* a step-feed system or ^en. ^-feofttact 
stabilization system as>K)cess demands. 
• The adyaiTtages-of this flexible plant may 
be lost If the operator does hot take 
advantage of .the flexibility and incor- 
.porate suffici'ent ^cocess control testirro < 
and. analyses into his control methodology.' 
The operator has to turn. the valves} thr 
•good operators turns the valves as a- 
• - ^Sn^'cJ^" °^ process demands^ .The operator^- 
vho shrugs off leSs than acceptable treated 
effluent quality as "one of the periodic 
u^ts'^that all activated sludge facilities 

n+h<.!u"''^ *° valvea fo»» reasons 
other than« panic. • • ■ • • 

11. Process Parameters * ♦ * -a- 

ll[^ '^^^^/^^^^^'Meatn)ent facility that is well 
operated gener^ally routinely colTfrcts data 

' J^S'^'h^'J'' chart T^Lrp^ets ' 

■ '"^ incorporates all o7thl 

above into a. process control methodology « • 
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Topic; • • ^ - 
Design and Operation Parameters 



Instructor Jlotes; "n 



Ins-tructor Outline: 



the data from the students, 
calculating proqess" parameters 
and posting them on a data 
sheet. *^ 



Appendix., Operational Control 
procedures, -for the Acti^/ated 
Sludge Process 



ERIC 



This particular -module will focus'on^he 
• activated sludge secondary treatment' " ■ 
• fL^!I^ T'L^'^'^ IS not to say .the pre- 
sh^n-^r;;* Pn^-ary treatment paraJieters" 
Should be ignored. It is extremeTy important" 

PH™£;'^"^iP'\^'"^.*^^*''^"t' for exaSple 
■ Primary, influent and effluent BOD arid 
suspended solids 'should be routinely analj^zed. 
the volume- of primary kludge pumped, weight 

da'ta'^^^S^tf Don't'hide'She 
of^ffff ■ ;^^°r5^^ 0" matchbook covers and 
datf fh^t •f"'' acid stained yellow pads is 
data that frequently, is ignored. . ' ' 

Process data should:be posted or plotted and 
displayed so tiiat -the data becomes an integral 
. part of process control decision ipaking?^ 

.Figure 6; Figure 3 of. the Appendix disolavs 
, how process data could be pS^'teti. On ?agT 2- 
ofithe same .manual notice, how. trended 

easilv hi tf^^ '"^ P°^t^d data can - 

clival I viewed.arM usedo'n making process 

0'''"^^''?^. three 'additional 

Fi3 1^n^-°"^^ .'^^'^ *° tf^ose shown on 
Mgure 3., primary sludge flow, primary 

IcoTv^"* f -Ixed'liquor^EsSd solids. 



r 
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Module ilo: 


I : ' — : 

• Itodule Title: 






intermediate ^Activated Slutigg 






SubmoduU Title: ' . . 




•Approx, Time: . ' 


Review from Bas.ic Activated $ludge* * 


* * 


. 1 h^ur 


Topic: . • • 

•Aer3tion DevfJ^es » * ^ <- 





Objectives; ^ ^ . . ^. , ji ' . ' 
1- List the two usual type af blowers fx>r supplying air to diffiisers. 

: * ^ ^ ' " 

2. List t;hree typ.es ^ of fine bubble diffusers. - , 

3/ List two ti^pes of large bubble diffusers^ ^ . - ^ , 

4. Explain two alternatives for v^Vying dissolved oxygen levels in aeration 

•tanks provided with mechanical 'aerators. ' . ^ ^ . 



Instructional Ai^ds: 
r. iranspar^cy 



Instructional Approach: 

Lecture 
: Discussion 



'A- 



References.:. ^ 
'l. WPCF MOP 11 



Cldss Assignnicnts: 
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o/uj 



Moduje Ho: 



Topic: 

Aeration Devices 



Instructor Notes 

z - 



Instructor Out/ine; 



A diagram of examples of 
fine and .coarse bubble 
diffusers is provided. 



I '^/u*'"'"*"^ ^^"^9^ WorkshQp briefly ' 

' eS?rt.Sr °jy?^!,»5ay be |uppl?ed to the; 
'■ Jf^cvc! *^"'<:\BneflyVeview the- diffused • 
Mir system. and. mechanical aerators. 



Diffused a1r 



^. Blowers.- positive displacement or . 
centrifugal . ■ 

B. Low pressure; 8 -r' 10 psi or^iss 

C. Large 01^ ^smab, bubble, sparger or ■.■ 

- SLlffuser-;.- - . . " • 

Mechanical Aerators . ' 

Av Fi>?ed p^ratfo'rm mounted or floating 

^ - "Pabilitv^'weir^djustment 
^ or motor spged adjustment. '■' 

'■>'■■■ 

C: Vertical draftVtube 



^D. .Used in combination with diffused am 
Diffusers - platesf tubes, synthet.ic material . 
^V. Spargers 

o. * 

,The pufpose qf the aeration ^vice is to make ' 
.oxygen available and to mix to assurl tha? 
microorganisms come* into Contact with.food. " ' 

^ S^dX^J^o.T^r'**'*^" °^ everyone Is concern 
and the cost of energy continues to rise, the 

. proper, operation and maintenance of the ^ ■ 
aeration system is' of prime. importance. 

* ."^"^^^ current ^measuring devices * ' 

.{anmeter^) should be considered for every motor 
in a wastewater treatment facility, esoeciallJ 
-Pos tive dispjacert^nt and.cenlr fu af 
■ 5°"^^"^ recording of. what current a blower'S 
' '^raw ng wo,uld greatly magnify the impo?tance " 

°f cleaning filters and synthetic fibe'r 




ilodule. Uo^_ 



Aeration Devices 
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nstr^dSl^or Notes": 



Instriictor Out'dne; 



dirffusers, for example. Such readings might 
' aien the- operator to potential tfoubiror 
break ddwni, 'At the ^ry le«st d portable 
anmeter (amp-clamp) should be available and 
■ used t(5 record trfower .performance. Pressure 
gauges on diffused,ai^ systems j^houTd also 
^ be maintained and routine r^adfngs recorded \ 

s A system which has been providing sufficient' 
air at 8 psi .whose operating i/ressure beqins'-- 
increasing may ^require diffus^r cleaning ' 
The same system whose operating pressure ■ 
decreases probably has •"blow/i"^a diffuser and 
a type of short circui,t'has resulted.with a 

. lot of air going through the.- relatively larger 
opening created when the diffuser comes f-rae 
or bj^ws. A vi<6iual observation of the 

Jhr?'°".- ^""^ ^^^^^^"y confitm this and 
the location of*theHlo\^n diffuser. ^ 

Mechanical aerators also sfio'ulVbe 1ihe<;ke"d 
TcJr the .amount of electrical current the 
motors -are drawing. --The current increases ' 
as the depth ^of submergence*of\the "^blades"." 
of the^ mechanical aerator increases. There 
^ IS a point at which the increased depth of- 
submergence would result 'in little W any. 
increase in the amount of oxygen supAly to 
th& aeration tank contents: ' 

- n. 

A dissolved oxygen prgbe' should be given 
Serious consideration. • .A level' of dissolved 
oxygfen (generally 2,mg/l) must be maintained, 
however, if dissolved oxygen- measurements 
consistently^ run at, 5 or 6 mg/1, dollars, could 
. probably, in fact, undoubtedly, be.saved by 
decreasang depth of submergence op cutting 
back oj».the xlif fused air system. The ■ 
amneter would confirm if -reduced current is ' 
in fact^eing drawn. " * 
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ftodule Title: ^ 

Intermediate Activated ST^udge 



Objectives: ■ *, . • 

^. Define 'mLVSS. ' , " * ' ' \ ^ ■ 

' 2.. List" the prime J imitation in- controlling at a constant MLVSS. • 

3. List the process p'ontrol parameter used to^ maintain a constant MLVSS. 

4. * List the anticipated volume (gallons) of sludge to be wasted per . 
million gallon of raw' waste fl-ow arid -the percentage. - 



ERIC 



Submodule Title: 
.Control Procedures 



Topic: 



Constant. Mixed Liquor Volatile Suspended Solids (MLVSS) 



nstruciion|il Aids: 
1. Student handout 



Instructional Approach: 

1. Lecture 

2. Discussion 

3; In class" problem solving 



References: 



WPCF MOP U 



Class Asslgnnicnts: 
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Topic; 

Corvtrol PVocedures - Constant mVSS^ 



Instructor Notes: 



Instructor OuVdne: 



• » * 



The Basic" aqtj>ated' sludge workshop briefly 
focjised on tFree control methodologies:' Each" 
elpaSded ' addressed and in some areas ' ' 

Control to a .constant Mixed iiiauord V(/attle 
Suspended Solids (MLVSS) conceritrat]?^ (or 

one' f' rilf Suspendecf^oridsTMLlss) iV. 
one Of- the most common control methWolooies - 

ac liSiL''^'^?:"'-^?"'^? ^afteX?'lrlat- ' 
w 'J^l V^^' Pnme.limitat\on to this 
^rol technique lies in the fact tfiat it is 
S?SpH°Sn ""sistency-of the raw waste load. 
Stated another way. a facility that experiences 

fSoD^wnf^'^'^ j?'^^^ organTc oad - 

{BOD).will probably not be .able to be controllted " 

llniVJf^' maintaining a constan't'aera? on 

l?es n thp ^ limitation ■ 

lies in the fact that return sludge flow control 
adjustments may not be made when needed! W as . 
a function of process demand. ' Typically, 
IhJL; this technique rarely 

generally r.p T' ^^"'^^ flow rate 

33 ?un to ^n^ n s°"^where in the range of 25 to 

discN?.?! ir""^^ °^u^'^ '-Subsequent 
discussion of tkis- "mass balance" equation will 
help explain tlSU return sludge flow rate 

mSfndn'^j; Process' control parameter used to 
maintain the constant aeration tank solids 
concentration is waste sludge .flow.' Sinply stated 
IL ^Ja l^^^^^ concentration has been 

Kw .''' If solids concentrations fall • 
be pw target, decrease waste- si udge'flovi Thi 
volume of sludge that must be removed fTasteSr 
Vf UJ2 ^""T *° P^«"t and is- a function . 
of the character of the T/aste and type of facilitV 
among Pther, th^gs. Generally a-good l?arti-nq 
point IS between 0.5 and 1.5 .% of the averaoe daih 
•sewage flow. Expressed in other terns the Jp ^ 
?5"Jnn n"?? a^r^^l^' ^^tvyeen 5,0.00 anons aSr " 

- .■ ' : - " -s' --^ 
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instructor Notes: 



f^^'^^^Procedures - Constant M 



Studpn^Handout.2 -..Pr^obletn to 
nnJ °n ^^"-^^^^n tank sol-Tds 
under a "cortstant MbTSS'f mode 
of operation. It would also 
be aoDroDHate to use data ■ 
f rom^any student who ' has ' • 
real woj:ld"- data with^him. 



MLV3S 



InstructotyOutifne: 



% t 



^ 



I- 



Dref^rS;, ^ operated at level fdr - 

;%"?o\f 

eo3cInTm?o °o? io Ids nJ.'.'c'^'"^-?-*' the required 
required M. "pessary to satisfy the 

S0lijtid,n to Student Handout 2 Probleni" 

Aeratibh tank voi.unie = 16.x 32 x 12 x 7 48 

' y ■J' ~ 

• = '*45,957 -gallons' each 

= 0.3 x'l65 X 8.34 
= 413 lbs. BOD 
7M = 0.3 ■ ^ ' ' ^' 

M = 413/0.3 

M = 1,377 lbs. solids , .' ■. -■ - 

MLVSS -^1,377/^ X 0*045957- X 8.34' \ • 
MLVSS"= j,8o6 mg/l ' • 

T'SeSo're'^epl^'?^ 0 f wTfh"r//\^^^* 
proble. t^af Jh?lo°ad'K:s''no°t'cha^^:d"^ ^^^^^ 
F =- 413 lbs. BOD 
F/M = 0 9 



Module Ho: 



Instructor Notes: 
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Topic: 

Control Procedures - Constant-. ML'VSS 



Instructor Outline: 



"M = 2065 lbs. $olids * ..- 
MLVSS = 2.065/2 x,0.04^95> x 8.34 
MLVSS = 2.690 nig/1 



1 
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• . STUDENT HANDOUT 2 

:-^,*€iven: Two aeration tanks, each 16' x 32' x l2' 

\ ^ Sewjige 'flow BOD = 165 mg/1 - ' ' . 

■/• ; ' . . ^ . .. - , 

4 Raw flow = 300,000 gallons per' iay , ^ * ' • 

^ Select: F/M ratio (0.1 to 0.5) . . *' , 

'say 0.3 ' • . . , ' r 

Find: _ Mixed ^iquor volatile- suspenW solids concentration required. 

1. MLVSS = • - ■ .-V '• ' " ' ^ 



Fj/ial effluent quality not acceptable.. The appearance of the final clarifier ' 
indicates \a higher concentration ptsolitJs would improve fiijal effluent • 
y quality. . ' 1- 

. Select aVevised F/M which woul.(t result. in a higher concentration of solids 
and then solve for' the new concentration. ' \ /^V 
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\ 



■r 0 



Approx. Timezs 
Ih hours 



ftodule Title: 

Intermediate Activated Sludge 



Subrngdule Title: 
Control Procedures 



Topic: 

J^onstant-F/M Ratio , 



Objectives 
1 



7TT 

istant . 
analysis) 



2. 
3*. 
4. 

•5. 

6, 

7. 



List the process control parameters used to niaintain it c6ristant F/M 
ratio control and testing. (Thp flows and the laboratory, analysis) 
List the ^usua1 range of "accepted"v F/M fati OS. 
List three disadvantages to control by this method. ; 
Given appropriate dat^; calculate; a) Food (F) ,.b)^ Micoorgamsms (M) , 

Gi^en^ a^'basic conventional activated sludge schematic, label ^lows 
and* concentrations, and List the mass. balance equations. ^ - 
Given appropriate data, utilizing the mass balance equatiorv, solvfe 
■return sludge- concentration needed for a given level of mixed liquor 
suspended sol ids i 
Given aporopriafe data 



calcinate' sludge weight to concentration ratio. 



Instructional Aids: 
1. Tran|l)arancies~ 


V . 








Instructional Approach: 








« 


^1. Lecture • ' > ^ ^ 










2/ Discussion 










3. Irv class problem solution 






9 


• 






i 







Rci^ferences: 



1. WPCf MOP 11 • ,v' - . ^ - 

2. ' Pant II.I A - Operational ' Control Pro'ceddfes fdr the Activated Sludge Process 



ERIC 



Class Assignments*: 



21" . 



Figure 1 - Conventionjil 
Activated Sludge Process 
Schematic, 



control by maintenancaof.a constant F/M ratio 
for F J7m — ^ ^"^ calculate values 

JJJ.??^f^^?y accepted that values for F/M 
Should fait vUhin the range of 0.1 to O.sl 

]"Scl^je:^''H^9^^ to .contrerf by .this technique 

obtaining. a iimely value 
9.t.MBpD >-5 day determination).. 

2. MLVSS 'determinations are. hot>necessarfff 
^ true. measures of M tpaper and' dead cells 



3. 



4-, 



show up' as MUSS). 

Inabilityvto-make jnstantaneous changes in 
aeration tank sol tds^ concentrations. 



90 



F/M l?y itself gives" ITttl^^- stance to 
opeViator reUti^e to return s lodge flow . 
i adjustments. \ 

^^^^ ''^ P''°''l f rom^Student - 
Handout 1. If there was ho difficulty with the • 
problem proceed. If there ace 'any questions 
with solving for F or-M or- the- F/M ratio, work ' 
another problem using ^ata- from the students. 

2»!i°^ ^Su '??st,si<^^ant parts of this module- 
deals with the "m-ass balance -equation". The ! •<> 
operator must aome' to grips with this equation * " 
IL :S !^^^^ ^° ^" Improved under|,tanding of', 
•the activated sludge process. -The starting' point 
IS the process^^flow^schematic. The second-step .is 
^i/JJ,-"^°ws and to assign -symbols to these., 
flows ^^and the. concentratibn^ of solids in each 
pipe • - • 



CSF .(mgd) 



RSTSS (mg/1) 




>TFL.(mgd) , 
MLTSS (mg/i.) 




CFO (ni^d) • 



FETS.S. (mg/l) 



.ERIC 



CONVENTIONAL^ ACTIVATED SLUDfeF 

PROCESS SCHEMATIC-^ 
Figure 1 
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Topic; 

Control Procedures - Constant F/M 



Figure 2 - Flow Balance 



V 

Figure 3 - Mass Balance 



instructor Out/lne; 



'IpH n ih- an- equation which has been 

0I Ron solVe for pounds, Dounrfs 

of BOD or 3(rlids. /You. should recognize the ' 
foil owing equations: . ... 

# 

1. Pounds solids = Cone, -(mg/l) x Vol^ im0 

The mass balance- equation has as its simple 
premise: • , ""pw: 

Mass in equals mass out -,' 

^^hl'.A backward Before moving ' 

J ^ balance premise is: Flow in 

equals flow out. Notice the different relation- ' 

aJi'L: in' fn-. '''' of.the 2fari-}?e;'°': 
and aeration. tank do not chanoe the relationship^ 
when the tan1(s are full. Flow baling is ° 

JKe "calJni^JI Process flow ^ata ' 

finw • ^^*^^n°P occasion if some measured 
flow data IS available. Flow' balance eaiiations 
should be done in your (the stSdent's) Jaclli-Jy. 

Return ndw to the mass balance equation; - ^ • 



Mass.in equals mass out ^ • ' " • 

Pounds 'v/ill be the units -of mass for our use 
-equation- now l);econ)es: • • 

Pounds in equals pdunds out .... 

Figure 3 is identical to Figure 1 except fhe 

evident fl m cc'k r^^t^o^^hips should novV be 

?^sult. in JLT?i ' ""^""^ clarffier 
resuiis in fne following: . : 
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The 



^ ^ • 




CFn 



"ERJC " 



Flow in - Flow.out 

■ -TFL = CF0]+.CSF 

■ • CSF = RSF\+ XSF 



Figure 2„ 
Flow Balance 



2j6 



4v, 



, TO 



4^) 



o. 



XSF <mgd) 



RSTSS (mg/1) 



AFI (mgd) 



PETSS (mg/l) 



CSF,(nigd) 



RSTS.S (mg/1) 



RSF (mgd) 
RSTSS (mg/1) 



J. 



yTFL (mgd) ( 



MLTSS 



CFO(mg|d) 



FETSS (mg/1) 



Pounds/da.y =.Flow (mgd) x Cone, (mg/1) x 8.a4 



Pounds in = Pounds out 



F"igure 3 
MASS BALANCE 
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FETSS xTL' ^'^"^ ^ ^^^-"^ ^^'^^^ ^ ^-^"^ " \ 
First the 8.34 can be divided out resulting' in: 
TFL X mSS = CSF X RSTSS + CFO x FETSS ' ~^ " 

Next, FETSS, if final effluent quality is good 
approaches zero. (At the very least it is Seri 
Jnuch smaller than either MLTSS and/or .RSTSS). 

The equation then becomesV^^^ ' 
TFL X MLTSS = CSF x RSTSS • 
^Moving aroynd the system: 
CSF X RSTSS = RSF x RSTSS. + XSF x RSTSS . L 
If theVe is no sludge being wasted*, XSF = 0 
CSF X, RSTSS = RSF X RSTSS ^ 
Finally the mass (glance around the aeration tank 
TFL X MLTSS RSF X RSTSS + AFI x PETSS 

These equations do have significance for -the 
operator.. The mass balarK:e around the clarifier 
resuTteci in the following equation: "-'^""'^[^l 

TFL X MLTSS = CSF x RSTSS 

If XSF = 0 ' ^ • .' 

(AFI + RSF) X MLTSS RSF X RSTSS- A 
AFI X MLTSS + RSF x MLTSS = RSF x RSJSS ' 
•RSF ^ (RSTSS - MLTSS) = AFI x MLTSS ^ 
,RSF = (AFI- X MLTSS)/ (RSTSS - MLTSS) ' . 
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InstructoV.Notes: 



•Topic: 

E:ontrol Procedures - Constant F/M 
^ . 



r 



Instructor Outline: 



ISlLr^ °^ assistance to the ' 

cn^'r^'"9 to control to a constant aeratic 
tank solids concent»;ation of F/M. control. It 
IS most important to .understand that thfs 

accumulation of solids^ 
in the clarifier. Other. relationships can be 
derived and will bein subsequent topics Sf 'thfs 

Ies\'deJi-JI"fnH'?; ^" operational 

test device and its use, should be incorporated' 

itpl-n"?- ''P^'f gravimetric solids 
caprii?y.°"''- ^'^''^^ ^^P'^"^^ °P^^«*°^'' 



» 

There are accepted, even required procedures 
meat JhJr^T'*?""^" data. But, that does not- 

J n .-^ °^ analysis not in "Standard- 
n.p^'lh'' ?PP>"0Pn'ate as a control t6st:. 
Use of the centrifuge for solids concentration 
determinations falls into this catagory. .»Per?en1 

wh' '^/?^T easily.deteSd using 

S^pJ '"n!r'° I"st^'t"te (API) centrffuge^ 

^A?c?\nS^S'r"'"'c?'?*^°" concentration - 
KATC) and Return Sludge Concentfation (RSC). " 
The equation: ' . . 

RSF = (AFI X MLtsS)/RSTSS - MLTSS) 
Becomes: ' ^ ' \ 

RSF = (TfFI X ATC)/(RSC - ATC) " ' • j.-* 

Il!d ?h?c1^"S' values' can be rapidly determined'' 
>nn+?i test and equation can be made a part of 
— contraUpjx)cedum._ - . t' ' ^ 

--This relationsfiip can be manipulated to qive^an"" 
expression for'tHe'. return sludge concent^Iti-on 
iKbCj. , The expression .is: ■ ' , 

RSC MAFI + JSF), X ATj:/RSF ■ 

TiW^In^^^; ^"^^^^ that given mixed ' 

Tiquar.and-.retutyi si udge-tonc^ntpaM^p:^"^^^ - • 



p^iVof .flow into' the aeratiori tank^ -the return 
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Instructor Outiiner 



[lint fluJ" ''''''' ^^^^"^^ 

The expression for RSC implies that given the 
:flpw v.alties and mixed liquor concentration, the' 
.return sludgy concentration necessary to maintain 
.a balanced system can be found. 'cnniam 



First 



P-art III A, Operational 
Procedures for "J^e Activated 
Sludge Process, ^age 5. 




However, there IS nothing quite so simple. 
Of all the activated sludge process is a 
biological (living) process. The mass ba.lance 
presented. does .not take into account the grSwth 
of new s udge in the aeration tank. rThe second 

tcS Ihp'Jf ''' '^rr'J'' does-not take nt^ 
account the storage of sludge on bccasi^n in the 

f"°ATc'- mTlV'':-oJr''''l'^^'' substitution 
ISL+I? " ^""^ "= "^STSS assumes an 

'Identity relationship. ' - . ' . 

In other words ATC times a constant s MLTSS and ' 
RSC times a constant = RSTSS. If such 'were the 

S?arp7w]'!^*'*'f.'.°''i''' determinations could be 
replaced with solids determination by cen tn'fuo p - 
whitj is much easier.. Such isxgener^TlfS^??e 
5ut the relationship anS its relative chaK^if 

?hT"^lu°d'ap°'^^^°"- '''' A'teShJs' 
the Sludge weight-to-coacentratidn ratio" (WCR) ' • 

h '/tJIvrenS'" ^'^r' "umbers shbvln, 

ratner the trend. In other words . a WCR -of 800 

mean that your sludge is ' 

iSeSiiai RPmZ fr^H^^HSe -"ay not rotati ,t the - 
Toentical RPM s to the one^used in Part-H A 
The Qperator watches the trend of the WCt? i n 'his 
pJant Increasing WCR's' indicate tes^dge is 

' in-H,v';^ li^'^V^^y Decreasing gcR' — 

^ '^oinge^' ' ' "^^^ 

Requires) or.ly the gravimetric > ' 
^cenlrWlje^^^^ ^"^ solids by 



= MLTSS/STC" 
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• Intermediate Activated Sliidge 


• 


Sublwdule Title: 

Coik;rol Procedures , 
•-"f 


Approx." Time: ' 


Topic: • • '■ 


— -1-hour ■ - 

■ ' 5^ 


Constant Sludge Age- 




17-Given appropriate data and the equations^ solve for sludge age (cell 
residence time).\ ^ 

2. List two reasons why a "cpntroT" sludge age level might have to be 
adjusted. 



nstructional Aids: 




Instructional Approach: \ 

1. Lecture 
2v Discussion 

3. In-rclass problem sol.vin4i 



References: 

1. New York Manual 

2. WPCF MOP 11 

3. Part- III. A- 

4- Operator's Pocket Quisle 



Class Assignments: 
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Instructor Outline; 



Probably two of the most difficult, aspects of 
control to a corrstant kludge age are: 

1. What equation should be used. 

2. What sludge age value should be selected. 
This module will not make your decision. It 
does seem appropriate to use. the equation you 
the operator are most comfortable with' It 
also, seems appropriate that mOre than one ' ' ^ 
equation should be used and a. selection' then * ' 
made based on which seems to- work best or which' 
best parallels process change. 

With reference to a starting value for sludge' 
-age, once again no value is offered. Rather 
only that a value must be selected and then, 
adjusted as a function of process ^^ieronds. 

WPCF MOP IL^offers the following equation for' 
sludge age (S.A.)r 



S.A. = X (Va + Vc)y.Qi>Xu 



C ■ 



Where- 

'^X =.Aveja.ge acti ve'microbrial solids concentratio 
in^he aeration tank,.mg/l. (Or percent by 
centrifuge). . 

\ ^ 

Va = Volume of aeration tank(s), ^1. 

•** 

Vc = Volume of final settling tank(s), gal. 

Qw.= Flow rate of sludge being wasted, GPD. ' 

Xu = Average concentration of, activated sl udae in 
nnal settling tank underflow, tnq/1. (Or ' 
percent by centrifuge).. . 

The New Yprk Manual states : ' 

s:a. = V X A/Q x*C ' ; 

Where m ' , 

V = Volume 9f aeration tank (s), gal. 

32% I'P 
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\ 



A = Concentration of suspended solids in the* 
^ aeration tank(s), mg/1. 

■Q = Sewage flow, GPD' 

C = Concentration of suspended 'solids in the 

' sewage entering the aeration tank in mg/1 
exclu&ive <pf returned sludge. 

The Operator's Pocket Guide suggests: 

Cell Residence Time (CRT) = Total Solids/Solids 
' > Wasted ■ 

where 



. Total solids Si Lbs. solids in aeration tanks 
Solids wasted = kbs. 'solids wasted per day 
NFIC Procedures hjs^ centrifuge values and offers; 

■S.A. = (ASU + CSU)/TXU/Day , - 

lUhfere - 

ASU = % solids in aeration tank(s) times volume 
of aeration tank($) - " - i 

■ ^ • ✓ 

CSU = % solids in clarifier /ludg^blanket times 
• sludge° ""^ °^ clarifigr^ccupied by- 

TXU/Day = % solids 6f sludge wasted times the 
volume of sludge wasted per day plus 
^ ,the.« solids In the final effluent times, 
the volume of final effluent'per day 

WPCF MOP 11 states tTie' one "truth" relative to ' 
each of these four equations, "The wasting 
■procedurawill affect the effectiveness of the ' ' 
activated sludge plant". * ... ' ' 
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Instfuctor'Out^e: 




One additional conment relative to contrer by 
maintenance .of a constant sludge age This is- 
a control methodology and that equation 
selected.should lend itself to "control". For 
that reason th^ technique incorporating use of 
the centrifuge, its relalivb' ease of solids • 
-deterrm nation, the ability to rapidly .check the 
conc^ration of the solids being waited! an 5 
thusVq adjust the rate of waste sludge flow : 
as frequently as desired seems quite appropriate. 

Final comments address adjustment of the 
selected sludge age value itself. 

a constant-sludge age implies an * 

rpcnitc ^■'"^9^ selected 

results in a process unrealistic F/M with fi 

•loulTul ""acceptable, a new sludae 

would be selected, . ' 

f ' . • ' • - ' 

i^^?on'^"/^' -sewagp flow i.e., a'ieasonal ' 
yanjtion,^ loss of or^dition of a significant 

Process indicators might dictate a change such-'. 

A. Denitrifying sludge 'in final clarifiers. 

B- Sludge accumulation to excess in final 
clanfiers. 

^' ^T.hT^I volum^^f white foam on' • 

aeration tanks*^ v 

°' tanks!^""" °^ ^^"'^ aeration 

^* ?Jlln5"/!^E^^"' Which the operator 
should dtfcument in his own fa^cflity. 
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Sludge, 



Submodule /itle: 

Corftrol P^rocedures 



Topic: , , |-. 

Returr^ Sludge Flow Control 



Obje^ctives: 



1, Given appropriate data, calculate the return sludge flow^ demand. 



Instructional Aids: 



!• Handouts 



Instructional' Approach: , 
. * 1|C Lecture 
2. Discussion . . , 

Iji-class problem st).luttorf 



References: ' ^ , 

1 Operational Control'Procedures for the Activated Sludge PrQcess, OSEPA; 

^ Part III-A. , ^ . " , ' , ^ — . .< ' 

2* Return sludge flow contwl, USEPA. ^ . < . . — 



Class Assignnients: 



Topic: 





Control Procedt/^es - Return STudge Flow Control 



Part III A, Operational Control 
Procedures for the Activated 
Sludge Process 




Instructor Out/iije; 



Acti vated sl«)dge- plants have the capability to" 
adjust return sludge flow. If the operator is 
■ working a% a, facility Khose flow i^ 'constant 
whose sewage stVength is constant, where every-' 
thing^is the same throughout the 'day and . - 
throughout the year, there is. undoubtedly ohe 
value -fo.r return slQdge flowT When this/Wue ' 
was found, there would undoubtedlv.be vrfbnfhtfifer 
need to ^djust tjie return sludge flow. Havirtql 
yet to see such a. facility, it would seem X ' 

SE.^ri^?^ *° ^'^^^ss. a niethddology for adjustir 
return {clan fier) sludge-flow-. 

-ConsTdfer ■ the two' extremes of s^ udge wi thdrawal ' 
from the clarifier.- If. clarifier- sludge flow is 
too slpw,^sludge will accumulate in the clarifier 
.until- solids wash over 'the 'weir and ar'^ • 
■discharged if sludge flow is too rapid, clear 

Tiiy^^'^\]'''"''^ ''^ ^t\irhed to the aeration ^ank 
THere would appear to be an optimum sludge flow 
somewhere within the extremes. -The methodology 

M^ilf'^ T ^/'KV^ ^ '''^ 1°^^"^ approach ±0 
cl-^rifier sludge fjow control. A control test, - 

fh^t ^'f?'' owed .to, settle, is. observed.. - 
Th^saniple;s- ability to ^oncen-trafe is calculated 
The cl.anfier slddge flow is adjusted to the end 
Of matching-the-,concentra'tion of the clarifier-^ 

c^r^V'^L^^'^"'?^''*^'^ abiftty to concentV^ate 
as shoWh by th^, settling test. ' \ ' 

.The circulation procedure ,is quite simpl^ given'- 
the target" time.. Assume the clarifier sludge 
Il£li'-''-'?3''?"*'?^^^'^ ^ sixjy minute 
afdPtrr^Jf X f""te settled sludgrconcentr^tion 
+L?c ^u"^'^ settleometer and- centrifuge 

tests. The equation and a satnpTe problem are 

^shown on Pages. 40 and 41 of Ptrt III A. ' 

Until such time that the ^'Parf lV*- "Process 
Control>arngi>:fet. becomes available the fallowing 
guidelines are suggestedrV - ' . • 
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/ 



■ , ■ A. . . , , 

Demand time selection (sixty minute demafTd means 
the settled sludge concentrati_on calculated from— 
the sixty minut« settling value). Demtrnd tiroes 
will vary from plant to plant^and even within 
one plant. .Factors which influence demand time, 
selection include secondary clarifier overflow 
rates, organic 'load, sludge qijal1ty» and 
• hydraulic limitations. CI ariflers operating 
at high overflow rates genera'l'ny dictate that 
relatively short (low) demand times be selected - 
thirty minutes, for example. /Low overflow rates 
allow for relatively higher demand times - sixty 
to ninety minutes. In general the exactness of- 
the calculated clarifier sTudge flow demand is 
not as important as the direction of'adjustment 
, the result indicates, increase or decrease in 
,'clarifier sludge flow.' • Excessive adjustments-^ 
should not be made. Adjustments should be limited 
to no more than 20 - 25%Tchange. Hydraulic 
limitations .must be determined for your facility. 
An. example would be not reducing sludge flow to 
a level which results in plugging draft, tubes or 
piping. For that matter sludge flows Should not 
be raised to Tevels that result in excess'ive- . 
turbulence in the clarifier which would impede 
solids separation (settling).. Other process' ' ' 
irfdicatops' must not be ignored. Process control 
requires total process_evaluat1on, judgment of 
process demands, ^control adjustment, continued 
testing, evaluation, and judgment etc. 
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Submo 
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Microorg^nisiri 




Objectives: , . 



1. (Siven' pictures of' microorganisms, match the' picture 
to the name and what it might indicate. 



^ tHe . 



prgamsm 



± 



V — : 
nst^dctional Aids: 

1. Transparencies 



\ 



Instructional Approach: 
W Lecture * 
2. Discussion ' 




J 



Ref€re)id€fs:'' 



ferejh 



1. WPCF MOP 11 
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Microorganisms 



WPCF MQP, 11 



Figure 4 



Figure 5 



Figyre 5 



Figure 6 



r 



Figures 7 & 8 



/ 



Figure 9^1 
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Every Activated sludge treatment facility wowld.be 
well advised |to consider the purchase of a relatively 
•inexp^tye niicr;)scope/ Dajly. microscope examination 
of a rffjppjof the" aeration tank contents can provide 
the operator infonmatton relative to- process's status. , 
A notebooKy should be available to^aily note the ' 
result(s of(the observation,. what organisfiis are noted, 
how the sludge- floe appears, etc. ' ' 

WPCF MOP 11 offers the fojlowing-geneVal gujde as to . 

relative predomination x)f protozoa and effipiency in 

an activated sludge system: " S':' ■ ✓ 

' • ■ ' f. 

r. Sarcodina predominate rarely and usually only in 
systems starting up or recovering f com compTfete 
toxicity. ; • • ' , ■ 

2. HolQphytic flagellates occur at low eff^iciency • 
when the organic waste concentration is high'. 

In some higfKBOD concentration systems, the 
efficiency .ma^vbe mathematically high, but -there 
will still be ajiigh concentration of organic * 
matter remainirigT.in the efflu^t, 

3. Holozoic fl agm;ttes-TVrrow the decrease in • 
hoTophytic flagellates. They ihdflcate a slightly*- 
more '6ffi<:1ent system. The holophytic and 
holozoic- flagellates are flagellated protozoa. 



4. 



6. 



Ciljat^s are found when°there are a lai^ge number 
of free-swimming bacteria. When accompanied " 
by flagellates, the free-sw-imming ciliates i-ndicat( 
a- somewhat lower efficiency, while th^ presence 
of some stalked ciliates indicates a 'higher 
efficiency.^ • 

StaTked^tiliates. predominating indicate an 
activated. sludge with a loW BOO effTyent. A ' 
very stable, well-operated conventional plant 
will have few stalked ciliates and, usually, no ' 
other protozoa forms. - . " ' 

Rotifpcs are' present -at a conditior) of verjMow 
BOD loading. arid high Bfficiency, indicating an • 
approaxJh toward .total oxidation as represented by 
extended aeration treatment. . 'r- C " • 
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STALKED CILIATES 



Figure 7 
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.STALKED CILIATES 
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It is very important to note the relationship of 
sludge age to predominant micro-organisms. The 
listing above .begins with'"yoimg" sludge and moves 
toward "old" sludge. It can then 'assist the 
operator "in his waste sludge flow" decisions to 
document through microscopic investigation, the 
predominate microorganisms. 
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Module No: 




Modu1e*.Title: 

intermediate Activated Sludge 



Submodule Title: 

T)ata' Trend Charts 



Topic: 



1. -Given appropriate data, plot trend charts: 

a; Settling Test (SSV) - / ~' ' " 

B. Concentrations (ATC^*RSC, SSCi 

C. Depth of sludge blanket (DOB) • 

D. Turbidity , V. 

^' Flows . . ' 

^- Sludge age 



Instructional Aids: 

1. 'Transparencies ^ 

2. Handouts" 



J 



Instructional Approach.: 
1.. Lecture 

2. Classroom probl-em solving 

/ 



ReferenceV: 

> 

1. Ooerator's Pocket Riiide 

2. Part. Ill A 




Class Ass\gnn)cnts: 
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Nodule Mo: 



Topic: ^ * ^ 
Data Trend Charts 



Instructor Notes: 



'Ips trustor Outline: 



' Stydent handouts 3-1 through 
3-12. . ^ 

* • - 

The instructor should provide 
gr^iph paper, 12 x 20 divisions 
per inch. • ' 



Ten days of data has been provided for trend chart 
plotting. * * ' ' 

Plotti^ng of the parameters A through D as noted in 
the "objecti\Aes" is a review exercise for those who 
have attended the Basic Activcited Sludge workshop. 

Recall the calculation procedure for the SSC values 

^SCt '= 1000 X ATC/SSVt . ^ 

Graph paper, 12 x 20 divisions per inch should be 
available to the student. 

The trending of flow data should present no great 
problem. Thg flow data shown on the operator's . 
logs just below, the^ "test^time" are instantaneous 
flow rates, in gallons perlfflinute'. : Total flows; in 
thousand gallons ^)er day are'^liofed on- the bottom' 
of- the log sheets. - ^ ] -\ 

/ . • - 

The sludge' age trend chart could be plotted from' 
data calculated from any of the fdur equations 
given in the "Control Procedures - Constant Sludge * 
Age" topic bf this module. With the understanding 
that trend charts are primarily an aid to .pjocess 
control it wouTd'se'em appropriate to at least begin 
with the data and calculation's that are relatively 
simple, use them and determine if the resultant 
trend* charts truly become a part of your process- 
control. If not, Qiven a reasonable time (minimum 
of three months, preferably longer), abandon doing 
those trerrd charts which»*do not- give you insight 
or assistance in process control decision making. 



Slgdge Age» actually cell residence time (CJ^T) 
the Operator's Pocket' Guide^as 'defined as: 

Lbs, solids in aeration ta\iks 
Lbs.^,gtrli(ls.wasted per ds^y 



= CRT 



This parameter can also be calculated by using 
centrifuge values in place of gravitnetric solids 
V determinations. As a process control parameter 
consider the following equation*: 
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Topic: 

Data TrenduCharts ' 



Instructor Jotcs; 



V 



Notice that the units of 
^volume can be gallons or 
million so long as^the same 
units are used consistently. 
In other words If million 
gallons are used;- use them 
all of the time. 



f \ 



\ 



^Jtistructor Outline:.* 



Aeration tank solids .concentration % by volume - ATC 

Aeration tank volume in million gallons = AVG (: 

Concentration oT solids being wasted %.by volume,*- 
assuming a portion of return sludge is. was ted = R^C 

Rate, of waste sludge flow m million gallons per 
day = XSF ^" ^ ^ - j 

g^f^ = CRT. (S^^^^^^^ . . 

Note how easily .this parameter can be calculated,' 
two centrifuge values' (ATC and RSTC), a constant 
(AVE), and one Tiow Student handout 3-12 - 

contHtn^^ufficient'data to prac-tice calculating 
this parameter. Those facilities controlling to 
a constant sludge age should consider the merits 
of utilization M centrifuge data. ' 

Part III A identifies the product of a concentration, 
% by yoliime, times a volume as a "sludge. ujDit". 

Otber operational contfSl procesfe-parameters are . • 
readily calculated using centrifuge values. • ' 
Return sludge, concentrations can vary dramatically. 
Handout 3-11 displays this fact, the trend chart . 
begun' from the data sheets included in Handout, 3. ' 
It, should also prlDvide process insight to plot^^^ " 
what is termed return sludge units (R5U) in Part fiLA. 
Handout 3-12 contains sufficient, datsi, for this . " 
calculation also. ^ - >^ 

Jhe incorporation af prdcess control parameter 
calculations suggested in Part III A and data 
trend charts should lie given strong consideration 
in activated sludge facilities. 

%■ ■ ■ . • 
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Topic: 

^Data Trend Charts ^ 



itructor Notes- 



-I' 



J ns true tor Outline: 



It is conceivable that not a]V would be necessary 
at all facilities, however, data 'tr^ending s'hould 
assist the operator'in maintaining Or improving 
treatment plant efficiency :if a , conscientious ^ 
attempt is made to incorporate this methodology 
into process control, decision maki^. " ^ 

Finally,, Part III A contains many abbreviations. 
They represent a lo^'cal "snorthand" notation and. 
should not be fearein. For example the concentration 
of the aeration tacfk contents are labelled ATC, 
.aeration- tank concentration. < 

The remaining time s'hould be spent completinl,^ 
Handouts,J>* through '3-12 and plotting trend, charts 



/ 
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1. 



648 



4/ as 



4/ 3o 



.^%4 



5/2, 



69 t. 



,63 ( 



"R£TuRr4 



.359 



.4o I 



» 299 



.'2 57 



,^35-3 



'3 So 



3. 



.o2y 6 



.oo7"^ 



,0/73 



9-. 23 



7,3o 



IT. 67 



»S.33 



2a 2<? 



* 0.42 J n»».V»oj( <aAl.\oHS 




7.35 



7,/5 



7,37 



7./3 



7. 



(AVx 4. ) 



3.445 



3.3<18 



3.377 



3,326^ 



3>39y^ 



3,227 



8. 



XSU^ 



.382 



.394 



,297 



./7/ 



,280 



,329 



,3Zt 
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IZ 
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Topic: 



Instructor-Notes: 



Instructor Outline: 



The following rflaterials are appended from which 
student handouts may be^duplicated and. transpcirancies 
produced: . * , 



Figure 1 

Figure 2 
Figure 3 



Diff users 

Conventional Activated. Sludge 
Process Schematic 
Flow Balance » 
Mass Balance 



Figure 4 through 9 - Microorgantsms 
Student Handout 1 - One page ' 
Student Handout 2 - One ' page - 
Student Handout 3 - Twelve pages 



RSTSS (mg/1) 

* I 
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conventionaCactiVated sludge 

process' SCHEMATIC 
5 Figure 1'* • V. 

I . . . ^ . ^ ' 
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CFO. (mgd) 
FETSS (mgO) 

9 # 



4. 



SI 



IS 



XSF 



CSF 



API 



RSF 



i 
« 

1 



TFL 
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.Flowh'n = Flow out 
TFL = AFI + RSF 



TFL ~ CFO' + CSF 
CSF ^ RSF + XSF 

■ h 



1 Figure 2^ 
Flow Balance 




XSF (mgd) 



^ISTSS (mg/1) 



CfF (mgd) 



AFI .(nigd) 



; RSTSS (mg/.l)' 



RSF (mgd) 
RSTSS (rag/1) 



TFL (mgd). 



PETSS (mg/1) 



MLTSS (mg/1) 



. \ 



■0 



CFO (mgd) 



FETSS (mg/l). 



i Rounds/day = Flow (mgd)> x Cohc. (mg/1) x 8.34 
; Pounds in - Pounds out 



I 



Figure 3 



MASS BALANCE, 
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Figure 4 
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STUDENT HANDOUT 1 



Given: Aeration tank 25' x 75' x 12' 



Find: 



Clarifier 35' diameter 

' 10^ mean depth 
Raw jsewage flow - 510,000 gal. /day * ; 

Return sludge flow, = 170,000 gal. /day * ' . 
Primly effluent B^D = 160 mg/1 

■i 

Mixe?! liquor. volatile suspended solicjs (MLVSS) = 27200 mg/il 

\' ' . " " ' ' ^ ? 

1. Aeration tank detention at flow alone ^and total flow 

r.N - . ' ~~ . ; 

2. Pounrds of BOD to aeration - 



3." 

4. 

5. 



\Pou*hds of volatile solids under laefati on 



piarifi'fer- surface overflow rate 




■J 



4^ 
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-, . " STUDENT HANDOUT 2 ^ 

&iven: Two' aeration tanks, each IG*' x 32' x 12' 

Sewage"frowrB'OD^= 165^g7-l ' :~ . ; ^ ~ ~ 

Raw flow = 300,000 gallons per day ; * , ? 

Select: F/M ratio (O.l to"0.5) , "* . " . „ 

. Say 0.3. ^ ^ , 

Find: Mixed liquor volatile suspended solids concentration rejj^ired. ~j 



1. MLVSS = • j ; . 

Final effluent quality not acceptable. The appearance of the fi^l clarif^e'r 

.indicates a higher concentration of solids Would improve final effluent 

" ° ■ • ', ' T ■ - - 

quality. ♦ - ' - ' • . • 

>. .■ ' * ' ' . ' ■ I ■ )■ 

' ' } ' ^' ^ 

Sel.ect a revised F/M which would result in 4 higher'' concentration "of solids- 

and then solve^Jfor-the new concentration. ' • ) 

2. MLVSS> . ■ . K - " - 



i 



1 



'3 



. » , • • : i • I • 
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DATS AfZl/^L 



■DAY. 



RAW. PLOW. 



4So 



^KSTURN FLOW. 
WASTE PLOW 



RAW PLOW 
-RETURN PLOW_ 
WASTE PLO W 1^ 



RAW PLOW. 



RETURN PLOW 
WASTE PLOW IS 



TIME 

0 ; 

5. 
10 

15 
30 

>5 
60 
90 



SSV 
1000 ' 



SSC 
Q.3 



IL86 



Ha _ 



AlfC^fiLS. 
RScJLflLS 
DOB..£lSL 



INITUL . xn 
TURBIDITY -XL 



PINAL 
TURBIDITY 



SSV 
.1000 



TIME 
0 

5 

10 

30^ xao 

^5 
60 
90 

\ 

R^cJj^ 

dob' 



SSC 
8.0 



SSV 



TIME 
0 

5 

10 

15 
30 

45 '4ifi 

60 
90 



SSC 

liooo ^ , S>4 



41o 



2'o»oo 



INITIAL 



lt>ITX' 



RScJalfi^V^ 

DOB 

INITIAL * 1^: 



FI^TAL 
TURBIDITY 



PINAL I ; 

TURBIDITY. 
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DATS ^fZ^l^L 



DAY. 



TEST- 



RAr PLOW, 



RETURN FLO W^ Z^O 
WASTE FLO W \ ' 



TEST I - ^ 



RAW FLOW. 
RETURN FLOW_ 
WASTE FLO W \^ 



TEST 
TIME 



RAW PLOW. 
RETURN FLOW 
WASTE FLOW 



JIME 
0 

5 . 
10 

15 
30. 
45 
6o , 
90 



SSV 
1000 

loo 

51o 



SSC 



TIME- 
0 
5 



SSV 
1000 



SSC 



ZZ.oo 



10 

30 

'45 
60 



48o 



ATfl 7.7 
DOB JZJ 



ATqJLZ-. 
RSfi /9*o 

D0B_4iL 



.INITlAIr— 
JTURBIDlTY *r«0 



PINAL ' ^ / 
TURBID ify ..iiSL 



INITIAL 

fina'l 
turbidity 



TIME 
0 

I 

5 . 
yio, 

15 
30 

>'5 
60 
9.0 



SSV 
1000 



RSfl /^^O 

initial, ' 

I'URBIDITY^.ilS. 



PINAL 
TURBIDITY 
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' / 7.3 
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DATE Arf^ofiC 
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DATE. 
DAY_ 



TEST 



RAW PLOW 



RETURN FLO W 17 O 
WASTE FLO W ^ 



Tim 


ssy 


' 0 


ipoo 


5 




10 


7oo 


15 




30 




^5 


€^ 


60 


J So 


9tf 





ssc 



INITIAL • 
TURBIDITY 

FINAL 
TURBIDITY- 



i^S 



TEST • — 



RAW. FLOW 3 7 O 



RETURN FIX) ¥ 



WASTB^FLOW ' 


TIME 


SSV 


0 


,1000 


5 




10 


7/C> 


15 




30 




^5' 




60 


4>oo 



ssc 



90 



\ 



RSC J.&jS 
DOB Jt5_ 



INITIAL ^""^ 

'FINAL ' a. »7 
TimBTnTTY Try 




TEST 
TIME 



RAW FLOW, 
RETURN FLOW 
WASTE FLOWil 

TIME SSV 

0. 1000 

5 
10 

15y <t£0 
30 4AO 

.60 iS!^ 

90\ 

k'vr. ,7* 4" 

DOR 7'^ 



INITIAL ^ ^ 
^'URBIDITY ^ 



FINAL ^ 
TURBIDITY 



r m " 



70 



6c/A>Atf Tic 



S83 
7*Z 



DATE 5/3/74 
DAY 



TEST 

RAW FLOW 46 a f 
RETURN FLO W 13 & 
WASTE FLO W '^^^ 



7 ; 



TIME SSV 1 SSC 

^ 4 AAA 

1 0 1000 


TIME SSV 
0 1000 

10 .Soo 


5 aio 


10 « 860* 




15 49» 








60 4Zs 

90 «_ 


. 60 4^5^ . ^ 


.■'90 






■ RSG ZZ,0 
DOB -?%0 


Ran g^^O 

DOB 




-IN.T'^'IAL ^_ 



TEST 
TIME 



RAW FLOW 4 ^ 
RETURN FLOW 2/ O 
WASTE FLOr 



SSC 



FINAL . 9;* 
TURBIDITY— feA 



PINAL' n , 

TURBIDITY ■» 1 




TEST 
TIME 

RAW. FLOHL^^ 
RETURN FLOW Z4^ * 
WASTE FLO^ ". ' d> ' 

TIME SSV SSC 
0 1000 

5 3 00 : 



10 

15 

30 

^5 " 
60 . 
90 



6eo 



ATC. 

DOR 7/0 

INITIAL .. fy 
^'URBIDITY f *0 



FINAL 
TURBIDITiY 



698 
3/0 
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DAY. 



1 TEST 

1 1 1 MIC ^\c^ Tr 


1 TEST 1*1 y '■ 
j^T IME /to • 


1 RAW FLOW St^9 


•RAW FLOW ^QO 


1 AiLXUKIt rlAJW &9 ^9 


RETURN FLOW O ] 


WASTE FLOW n / 


WASTE FLOW. & 


/ 




1 TIME SST SSC 


TJCME ; fsv SSC 


0 1000, 


• 0 1000 


^ 8oo. 






10 7/P « 






^0 ^So 








60 




go 


[- 90 . 




.A • > - ' ' 
RScJlSvO, 




DOB 6»0. ^ 


INITUL l / : 

TURBTDTTY I O 


tN.T-UL ,^ , 

• nm,,f fr' ,^ 

PINAL 1 . 

TIIRBTnT'PV 1 O 


.PINAL ' |> 







TEST 
TIME 



RAW FLO W 4^0 
RETURN PLOW 
WASTE FLOW 




TIME 
0 

5 

10 

,15 
30 

45 
60 
90" 



ssv 

1000 



SSC 



4eo 



ATH 7.7 



INITIAL I 
tTiRBIDITY /fe 



FINAL 
TURBIDITY. 



11 
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DATE. 
DAY_ 



TEST 
TIME. 



RAW PLOW. 



4^0 



RETURN FLOW 
WJ^TE PLOW 




TIME 
0 

5 
10 

15 
30 

60 
90- 



;ssv 
1000 
3£o 



SSQ 



4ao 



ATC. 



8tO 

RScJJxa. 

DOB. 



INITIAL 
TURBIDITY 

PINAL 
TURBIDITY 



1±. 



r 
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TEST 1^^^ 



RAW PLOW. 
RETURN PLOW, 
WASTE PLOW /& 



TIB?E 
0 

5 
10 

15 
30 

*60 

90 

ATC 
RSC 
DOB^ 



. ssy 
iooo 



ssc 



41^ 



IN."^'"UL 



RAW PLO W 4'4'0 



RETURN PLOW 
WASTE PLOW . iO 



SSV 
1000 



TIME 
0 

5 
10 

15 ^ 

30 

60 
90. 



SSC 



— ^ 

RSC^M!»<^ 



DOB 7tf ■ 

INITIAL X 
'■URBIDITY 0«Q 



FINAL • . I I 
TURBIDITY I f 



PINAL ^ ^ 

TURBIDITY 



7.4 



6^3 
3^3 



TEST ^ 1^^^ 



TIME 




•ini!im;al 
/purbtdity 

FINAL 
TUTBIDITY 



TEST 

iriMr. 



RAW PLOW. 
RETURN PLOW, 
WASTE PLOW )& 



TIME 


^ ssv 


\. ' ^ 




0 


1000 


5 




10 




15 . 




30 




^5 




60 








90 





ATC-2i4_ 
Rsn I 7. J 

DOB, 

INITIAL Jt / 
"'URBIDITy 



PINAL 
TURBIDITY 



^^ruf^rJ 3 So 
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V 


1. 




- 3. 


4. 






7C ' 


* 8, 


9. 




) 

Datc 






Flo U 










y <^ ij 




< 

/ 

« 

• 














4-/a7 


0 


.358 




• 0 • CO 


17 /.7 
1 # • V / 






. 382 


^ 

9 




.5*35 


.40/ ' 




/' 
?i -'Cscs 


/ 0 It 33 


T *3 XT 






8 


4/-2r9 • 


.583 


^. 384 






1*7 ^"7 
» (\ C I 












.624 


. 299 


0 149 


7,3o 












. 5/ 1 




.25?. 








t 






J 


4 




' J 2 8 ^> ; 


V 












\ 


5"/ 3 




; ,31 0 






• <* 


■ - 




• 






- <t>e 1 
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• 
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1 
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Mod^jle. No: 



Approx, Time: 



Module Title: 

Intermediate Activated Sludge 



V 



Submodule Title: . 



•EVALUATION 



, Objectives: 

The learner will demonstrate that he has achieved the objectives of the module by 
correctly answering 75% of the^following questions: " ' \ 

1* Given: ' * ^ ' ; . ^ - - ^ 

Two aeration tanks" each 30' x 30' x 11' - . . 



Two final clarifiers each 12' x S2' x 8' 



V 



Flov^ =. 460,000 gal'./day 



BOD = H8 mg/1 
MLTSS = '3100 nig/> - 
Calculate: 

A/ Aeration tank detention time 



ClariTier*surfaife oVefflow rate. 
.Pounds of BOD to aerationi 



•0' 



D% Pounds of^ solids under aeration 
E. . F/M ■^_£h. . ' 



Z. -.List t^e three coninon pnkess controls variables available at'the typical 
activated sludge facility. 



31 • Match. the following: ' ^ / 

. . Types of blowers *whi'ch ^supply ^ir 
. to diff users-. " 



A A* 



A, Synthetic sock 

POrpus plate * 
^ C. Post tive, displacement ^ 



79 



Page of 7 



ERIC 



Coarse bubble diffusers 

i 

B. 

B. / 

Fine bubble diffusers 

c.; 

c. \ ■ 



p. Sparger 

€. Porous tube , ' 

F, Centrifugal 

G. Large hole diffuser 



'4/ An aeration tank has been' pi^ovided with a surface mechanical aerator. 
Explain two possi^e alternatives for v^irying the dissolved oxygen 
level, ' " • . ^ , / 



5. BOD is biochemical o^o^gen demand* What is WLVSS? ' ' 



. 6. What is the prime. limitation in controlling's constant MLVSS? 



'7;. 'What -is the primary !>rocess control variable (parameter) used to 
^. , mai-ntain a constant MLVSS? . . ^/ , : 



■J- 



•fe* An activated^ludge plant is treating one mil Hon. gallons' of 

wastewater per"day.% What is the anticipated volume of y^ste sludge' 
.^f^cw at this conventional abt1v*ted'slUdge? 



; gal. /day 
%-pf raw 'flow 



9V A-'€Opventi onal activated sludge fanpility i^, contrblling to a constant . 
F-/M ratiol *What are the primary na^cess control' vari ablest (parameters) 
and ^ 



80 
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2500 mg/1 /concentration o'f return sludge of 6,000 mg/1 cind.is wasting 
from the return sludge flow at a rate of 40,000 gallons per day. * - * 
Calculate the* sludge age. ^ . ^ - 



15. List two reasons why a "conrol" sludge age level might have to be 
adjusted, ' 



15.. An activated iludge facility's .controlling return sludge flows by .the 
"return si udg^ flow -demand".- Control is bei ng 'adjusted to meet. the " 



ninety mi nute ^demand ^^me". 'The current Return Sludge Flow- is 1.0 MGD. 

SSC 90 = 15.9% . 

ATC = 4.5% ■ ^ . ■ 

RSC'= l4.5% ^ ' ^ . 

If RSFD =TSF (RSr- ATC)/ (SSC 90 - ATC), calculate' the value for the ' 
Return Sludge How demand.'^ • * 
BSFD = . ■ 



1 • 
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al7. Match the names to the appropriate pictures: 

• A. ' ^, A. Fla-geTlate?) 

B. -~ , ' B. Rotifer' 

C; 

D. 

E. . . 



i 



' C. stalked ciliates 



D. S'arcodina (amoeboid) 

E. "-^ Ciliate 



18. Arrange the organisms in oVder of those .which would indicate the "youngest 



to the "oldest''*sludge. 

A. ■ 

B. 



\ 



.Page 6 ckf ? 



K (MGD) 



I (MGD) 




19". Match the following: . 



J 



B.. 
E. 



G. 



H. _ 

I. _ 
J._ 

r 
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A. Concentration of wolids in waste sludge flow {XSC).' 

■ * • • . % ' t ■ 

B. 'Secondary (final) clarifies. 

C. Concentration of solids in clarifier sludge 'flow (RSCJ 
D'. Raw waste flow into aeration tank (API). 

E.' Concentration of^olids in return sludge, flow into 

aeration tank (RSC). •• /> 
F.■ Clarifier overflow (CFD). . ■ / 

G. Concentration of solids in raw waste flow intp 
r aeration- tank (PEC). • ' ' 

: . . 

H. deration tank. ' ' ^ 

I. Return sludge flow .into aeration tank (^SFTT^ 

' - ■ ' • - '( ■ * ' 

J. Concentration, of solids in) final clarifier overflow 

"(FEC). ; . ' ,: , . ■ : / .; 

k. " Con^B^tration of aeration tank' contents (AtC). ' ' 
L. -.Total flew out'of aeration tank <1TL). , , 
M. Waste sludge flow (X-SF). * , 

N. C^fterjsludojB^low {CSF-) •. , ' ■ 
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6. Final clarifi 



^21i Using the mass balance relations.hip, assuming the cQncentratioji of solids 
'in the raw 'flow into t^he^i^atlon tank is 6%' hy centrifuge and given: - 
• " ATC = 5X ■ ^ 

RSC = '15X 



20. List the mass balance around: 
A. Aeration tarik 



AFI =1.0 MGD 
Find: ^RSF = 



X 




■ a 



■■;M'^.:.-. 



I 
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7 X 
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1. . A. 7.7 hrs. 



B. 369 galAq. ft. /day 

C. 453 4bsi/^y 
^ / D. 3,8^9. lbs. 

E. 0.12 
\ 2. Air (oxygen) 

• Return s Judge flow ' 
Waste sludge flow 



^^^^ 







3- 


A. C. - 


■ 'J 

S 








A. "F-: 


4 

\ 

\ 


i ^" ■ 






B. D. 


i 

■ 1 








B, ,G. 










C*/^A.^ 










t. B 





4. Weir adjusstment (deptfi^of submergence) 
. ^; Motor speed ' 

5. Mixad;-litjuor.:VQlatTle suspended sol-ids^ 



6. "f^^base 



based on- -a .consistent "level of loading. 



7. - Waste sludge flow,,- V.-^ 
,5 ,W'- -15 „pO.O gal .-/day ' , ■ 



..0.5 - ijrs^f 



^86 
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. ■ ^' 






9. Waste' sludge flow 




ir 


BOD or COD or Joe (load)^ 


* ... 


0 


Solfds Determination • 



10. 



0.1 to Ojj5. 




li:. Dffficulty in getting a. value for F.(Food). 

^ " 

Difficulty^- of obtaining a realistic ,valu^ of M. 
Inability to instantaneously change M. 

•■■■■■^ '- AW ■ 



12. ^ .A, 3,,0(J5,i,1.fc)-S.Aday . 

Br. 18,431 lbs. 
C. 0.16 

♦ 

13. : 667 • . •. 

14. 10 , / / 

15. Denitrifying sludge 
^ Sludge- acGumulatior^ 

White fpSni on aeration tank 

'-rf- ■ ■ > ■ 

~ Dark^ greasy fo?im o|i aeration tanl<-^\ 

16. 0.88 MGD • ■ . • ■ 
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A. ' 




B. 


. D.- - • ' • 




■ c-. 


E. 


•. / 


D. 




'J ' 


b . 


r * 
C. 


/ 


. "a. 


H. 

> • 


0 


B. 


D. ; . 


^ ) 


■ C. 


G. , ' . 


\ 


• D- 

* 






' E. 


• K.; . * ' • 




F 


*B ' ' 




G. 


'F- ■ ■ ■ : 






J. 




. I. 


N: 












M. 




u 


• 




.:,:M. 


T ^ 

* / . , 


1 


V N. 






/ a.- 


AFi X PEC + RSF. X RSC = 


TFL'\ ATC or. 




• B X C + M 'x N ~ D x E-' 


r - " f • ' ; 



B.. TFL'x ATC.I 



+ CSF.x RSC or 



D x E ='G I X J 



.1 



V > 
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To|>ic: 
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Ins^tructop Outlines 



21". AFI X PEC + RSF x.^R^C 4 TFL x ATC^ 



RSF = 0.5 MGD< 



1.0-x Q + RSF X 16 = (1.0 + RSF 5. ' 

J 



^ - 
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